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Abstract. Geopolymers are the eco-friendly binders derived from activation of alumina silicates
such as fly ash and metakaolin with alkaline activators. Ground perlite, a volcanic alumina
silicate, has a potential to be a precursor material for geopolymer production thanks to its high
SiO2 content and amorphous form. This paper presents the investigation of geopolymer
production with ground perlite and NaOH. For this purpose, mortar mixtures are made with four
different NaOH solutions (3M, 6M, 9M and 12M). Mortar specimens with dimensions of 4*4*16
cm are taken from the mixtures and heat curing process is applied to the specimens after casting.
The flexural and compressive strength tests are conducted on the mortar specimens at 7 and 28
days of curing. The test results showed that the flexural and compressive strengths of the ground
perlite based geopolymer mortars increase as the increment in molarity of NaOH solution,
significantly.
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Introduction
Geopolymers are alumina-silicate inorganic polymers derived from activation of alumina-silicate
powders with alkaline activators [1,2]. Geopolymers are mentioned as eco-friendly materials that
have great potential to restrict the CO2 emissions of the construction sector [3]. Additionally,
geopolymers have outstanding mechanical properties [4], dense microstructure [5], high
resistance to harmful ions [5] and elevated temperatures [6, 7]. Most alumina-silicate materials,
such as metakaolin, fly ash, and calcined clays involve high amounts of reactive alumina and
silica have been used as precursor for geopolymer synthesis [8,9]. Besides, most commonly
employed activators are sodium hydroxide (NaOH), sodium silicate (Na2SiO3), potassium
hydroxide (KOH), sodium carbonate (Na2CO3) and the combinations of these activators.
Perlite is a glassy volcanic rock that can be considered as a precursor material for geopolymer
synthesis thanks to its high amorphous SiO2 and Al2O3 content. However, there are very rare
studies performed about this topic. In a previous work [10], perlite has been synthesized with
sodium hydroxide and/or sodium silicate at oven curing conditions (cured at 100°C for 1 day) or
room temperature. The better strength development has been observed for the geopolymers
derived from NaOH and sodium silicate solutions with respect to the geopolymers activated with
only the NaOH. Additionally, the results obtained from this work show that dry curing is essential
for the perlite-based geopolymers.
This experimental work deals with the strength development of ground perlite-based geopolymer
mortars. For the purpose, ground perlite has been activated with 3M, 6M, 9M and 12M NaOH
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solutions, separately. Geopolymer mortars have been produced with the mixtures of ground
perlite, CEN standard sand and the NaOH solutions. The mortars are exposed to heat-curing at
100 ºC for 48 hours in an oven. The flexural strength (ff) and compressive strength (fc) tests are
conducted on the mortars at the 7 and 28 days.

Materials and Methods
Ground perlite is used as an alumina-silicate source (precursor material) in geopolymer mortar
mixtures. The chemical composition of the perlite is given in Table 1. The specific gravity and
the maximum particle size of perlite is 2.31 g/cm3 and 65 μm, respectively. The CEN standard
sand with a maximum particle size of 2mm is employed in the mortar mixtures. NaOH is used as
activator in the mortar mixtures. NaOH is in solid form and is used by melting in the mix water.
The mixture proportions of the mortar mixtures are illustrated in Table 2. As seen in the table,
molarities of NaOH are determined as 3M, 6M, 9M and 12M. Mortar mixtures are produced in a
Hobart mixer with respect to TS EN 196-1 [11] standard. After the production, fresh mortar
mixtures are poured into the three gang mortar molds. The mixtures poured into the molds are
kept at 25±2 ºC for 24 hours in laboratory. The mixtures are put in an oven and exposed to heatcuring at 100 ºC for 48 hours. The 4x4x16 mm mortar specimens are taken from the molds and
are subjected to dry curing until the testing day. 6 mortar specimens are manufactured for each
mixture. The ff and fc tests are conducted on the specimens with respect to TS EN 196-1 [11] at
7 and 28 days of curing, separately.
Table 1. Chemical composition of perlite.
SiO2

Fe2O3

Al2O3

Na2O

K2O

CaO

MgO

TiO2

73.16

0.86

14.57

3.42

6.33

1.18

0.16

0.12

Table 2. Geopolymer mortar mixture proportions.
Molarity
3
6
9
12

Perlite
kg/m3
625
625
625
625

NaOH

Sand

Water

45
90
135
180

1600
1600
1600
1600

375
375
375
375

Results and Discussion
The results of the ff tests are given in Fig.1. The 7 and 28 days ff values of the geopolymer mortars
are between 2.76-4.45 MPa and 3.00-4.76 MPa, respectively. The ff of the mortars enhances as
increasing of NaOH molarity, continuously. Approximately 60% increase is observed on the f f
values of the mortars from 3M to 12M. The ff of the mortars enhances with curing age. The ff
values of the mortars increase between 6% and 12% from 7 to 28 days of curing.
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Fig. 1. The flexural strengths of the mortars
The fc test results are illustrated in Fig. 2. The 7 and 28 days fc values of the geopolymer mortars
are between 15.36-22.15 MPa and 18.55-32.10 MPa, respectively. The fc of the mortars enhances
with increasing of NaOH molarity, significantly. Approximately 44% fc increment is seen on the
mortars at the age 7 days. The increment in the fc of the mortars from 3M to 12M is reached to
almost 73%. The fc of the mortars enhances as the curing age. The fc values of the mortars increase
between 20% and 45% from 7 to 28 days of curing. The enhancement in the strength of the
perlite-based geopolymer mortars with increasing NaOH molarity can be attributed to easier
dissolution of Al and Si elements from the precursor material of perlite. Similar results are
concluded in a previous work for fly ash [12].
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Fig. 2. The compressive strengths of the mortars

Conclusions
According to experimental results acquired from this work, the following conclusions can be
listed:
•
Perlite is suitable for being a precursor material for geopolymer synthesis.
•
The ff and fc values of the geopolymer mortars derived from ground perlite and NaOH
enhance with the increasing of NaOH molarity.
•
The ff and fc of the geopolymer mortars enhance with the age of curing.
•
The 4.75 MPa of ff and 32.10 MPa of fc can be achieved with 12M NaOH at the age
of 28 days.
•
The investigation of the activation of the ground perlite using more than 12M NaOH
and at different curing conditions can be proposed for the further studies.
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